®

JOINT CANADA-UNITED STATES

ANSI/CAN/UL
3100:2021

STANDARD FOR SAFETY

Automated Mobile Platforms (AMPs)

@b meriean Natin,,al S
Q‘Q

@ scc © ccn

ANSI/UL 3100-2021 Documents

Document Sharing Hub

Full document details: UL 3100 2021


http://avadocuments2026.com/doc/ul-3100-2021
http://avadocuments2026.com/doc/ul-3100-2021

SCC FOREWORD
National Standard of Canada

A National Standard of Canada is a standard developed by a Standards Council of Canada (SCC) accredited
Standards Development Organization, in compliance with requirements and guidance set out by SCC. More
information on National Standards of Canada can be found at www.scc.ca.

SCC is a Crown corporation within the portfollo of Innovation, Science and Economic Development (ISED) Canada. =
With the goal of enhancing Canada's economic competitiveness and social well-being, SCC leads and facilitates the -
development and use of national and international standards. SCC also coordinates Canadian participation in o
standards development, and identifies strategies to advance Canadian standardization efforts.

awndo

Accreditation services are provided by SCC to various customers, including product certifiers, testing laboratories, =
and standards development organizations. A list of SCC programs and accredited bodies is publicly available at &'
www.scc.ca.
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UL Standard for Safety for Automated Mobile Platforms (AMPs), ANSI/CAN/UL 3100

First Edition, Dated May 26, 2021
Summary of Topics

This is the First Edition of Standard for Automated Mobile Platforms (AMPs), ANSI/CAN/UL 3100,
which covers battery-operated mobile platforms with or without a payload. These devices are
intended to be used indoors only or as outdoor use devices in a commercial or industrial
environment. The device is battery powered using either lead acid batteries or lithium based
batteries that, if rechargeable, are charged through a conductive system while either on board or
off board the device.

The requirements are substantially in accordance with Proposal(s) on this subject dated December 4,
2020 and February 12, 2021.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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Standard for Automated Mobile Platforms (AMPs)

First Edition

May 26, 2021
This ANSI/CAN/UL Safety Standard consists of the First Edition.

The most recent designation of ANSI/UL 3100 as an American National Standard
(ANSI) occurred on April 5, 2021. ANSI approval for a standard does not include
the Cover Page, Transmittal Pages, Title Page, Preface or SCC Foreword.

This standard has been designated as a National Standard of Canada (NSC) on
May 26, 2021.

COPYRIGHT © 2021 UNDERWRITERS LABORATORIES INC.
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PREFACE
This is the First Edition of the ANSI/CAN/UL 3100 Standard for Automated Mobile Platforms (AMPs).

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This ANSI/CAN/UL 3100 Standard is under continuous maintenance, whereby each revision is approved
in compliance with the requirements of ANSI and SCC for accreditation of a Standards Development
Organization. In the event that no revisions are issued for a period of four years from the date of
publication, action to revise, reaffirm, or withdraw the standard shall be initiated.

In Canada, there are two official languages, English and French. All safety warnings must be in French
and English. Attention is drawn to the possibility that some Canadian authorities may require additional
markings and/or installation instructions to be in both official languages.

Comments or proposals for revisions on any part of the Standard may be submitted at any time. Proposals
should be submitted via a Proposal Request in the On-Line Collaborative Standards Development System
(CSDS) at http://csds.ul.com.

UL's Standards for Safety are copyrighted by UL. Neither a printed nor electronic copy of a Standard
should be altered in any way. All of UL's Standards and all copyrights, ownerships, and rights regarding
those Standards shall remain the sole and exclusive property of UL.

To purchase UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToOrder.aspx or call tollfree 1-888-853-3503.

This Edition of the Standard has been formally approved by the UL Standards Technical Panel (STP) on
Automated Mobile Platforms (AMPs), STP 3100.

This list represents the STP 3100 membership when the final text in this standard was balloted. Since that
time, changes in the membership may have occurred.

STP 3100 Membership
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Name Representing Interest Category Region
Bablo, Joseph UL LLC Testing & Standards Organization USA
Bauer, Andrew Clearpath Robotics Inc Producer Canada
Brown, Peter CSA Group Testing & Standards Organization United Kingdom
Fryman, Jeff JDF Consulting Enterprises, Ltd General Interest USA
Jordan, Diana P. Underwriters Laboratories Inc. STP Chair — Non-voting USA
Jorgensen, Claus Mobile Industrial Robots Producer Denmark
Kamble, Sudesh Intertek Testing Services Testing & Standards Organization USA
Kim, Ji Han Korea Institute Robot Industry Government South Korea

Advancement

STP 3100 Membership Continued on Next Page DOCU ments
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STP 3100 Membership Continued
Name Representing Interest Category Region
Klave, Michael Toyota Industrial Equipment Producer USA
Manufacturing
Lehner, Bernhard KEBA AG Supply Chain Austria
Marvel, Jeremy National Institute of Standards & Government USA
Technology
McDermitt, Steve Crown Equipment Corp Producer USA
McGoldrick, Kevin Hyster-Yale Group Inc Producer USA
McKernan, Pat Cascade Corp Supply Chain USA
Monsen, Megan Underwriters Laboratories Inc. STP Project Manager — Non-voting USA
Nehrkorn, Mark SICK Inc. Supply Chain USA
Ortiz, Harold PILZ Automation Safety L P General Interest USA
Ortlieb, Mark Brain Corporation Producer USA
Ould, Lee Safety Engineering Laboratory (SEL) General Interest USA
Posner, Daniel TUV Rheinland of NA Testing & Standards Organization USA
Prather, Aaron FedEx Commercial / Industrial User USA
Rood, lan UBSafe Inc General Interest Canada
Shea, Roberta Nelson Universal Robots Supply Chain USA
Sines, Jeread Amazon Producer USA
Tiwary, Sumit GreyOrange India Pvt Ltd Producer India
Webber, Luke MCFA Producer USA
Winrich, Marvin Rockwell Automation Supply Chain USA
Yang, Shuping Beijing Research Institute of International Delegate China
Automation for Machinery Industry

International Classification for Standards (ICS): 25.040.30

For further information on UL standards, please contact:

Underwriters Laboratories Inc.
171 Nepean Street, Suite 400
Ottawa, Ontario K2P 0B4
Phone: 1-613.755.2729

E-mail: ULCStandards@ul.com

Web site: ul.com

This Standard is intended to be used for conformity assessment.

The intended primary application of this standard is stated in its scope. It is important to note that it
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remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE.

Full document details: UL 3100 2021
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INTRODUCTION
1 Scope

1.1 These requirements cover battery-operated mobile platforms with or without a payload, as specified
in 1.2. These devices are intended to be used indoors only or as outdoor use devices in a commercial or
industrial environment. The device is battery powered using either lead acid batteries or lithium based
batteries that, if rechargeable, are charged through a conductive system while either on board or off board
the device.

1.2 Mobile platforms that are covered by this Standard are intended for lifting, carrying, product picking,
towing, and the like. These actions may be provided by a gripping attachment, suction attachment, scope
attachment, and the like, to lift or carry the load.

1.3 Portions of a system, such as the charger, that are located off board the AMP, are intended to be
installed in accordance with the National Electrical Code (NEC), NFPA 70 and the Canadian Electrical
Code (CE Code), CSA C22.1.

1.4 This Standard does not include requirements for industrial robots, which are covered under the
Standard for Robots and Robotic Equipment, UL 1740 and Industrial Robots and Robot Systems, CSA
Z434. A robotic manipulator that is in compliance with these standards may be used as the payload for the
integrated system.

1.5 This Standard does not include requirements for Automatic Guided Vehicles or Automated Vehicles
that function as commercial and industrial floor cleaning equipment. This equipment is covered under the
standard for Particular Requirements for Rechargeable Battery-Operated Commercial Robotic Floor
Treatment Machines with Traction Drives, CSA C22.2 No. 336.

1.6 This Standard does not cover battery powered industrial trucks that are rated Type E, EE, ES, or EX,
and marked as such, as defined in the Fire Safety Standard for Powered Industrial Trucks Including Type
Designations, Areas of Use, Conversions, Maintenance, and Operations, NFPA 505. These truck types
are covered under the Standard for Electric-Battery-Powered Industrial Trucks, UL 583 and the Guide for
the Investigation of Electric-Battery-Powered Industrial Trucks, ULC/ORD-C583.

1.7 Automated mobile platforms are not provided with “forks” and are not intended to operate as
“forklifts.” Any device with that capability is considered an industrial truck and is evaluated as indicated in
1.6.

1.8 This standard does not cover products intended to transport persons.
2 Components

2.1 A component of a product covered by this Standard shall:
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a) Comply with the requirements for that component as specified in this Standard;
b) Be used in accordance with its rating(s) established for the intended conditions of use; and

c) Be used within its established use limitations or conditions of acceptability.

2.2 A component of a product covered by this Standard is not required to comply with a specific
component requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately investigated when forming part of another component, provided the component is
used within its established ratings and limitations.

2.3 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.4 A component that is also intended to perform other functions such as overcurrent protection, ground-
fault circuit-interruption, surge suppression, any other similar functions, or any combination thereof, shall

comply additionally with the requirements of the applicable standard (s) that cover devices that provide
those functions.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

4 Referenced Publications

4.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be
interpreted as referring to the latest edition of that code or standard.

4.2 The following standards are referenced in this Standard, and portions of these referenced standards
may be essential for compliance.

ANSI Standards

ANSI Z97.1, Safety Glazing Materials Used In Buildings — Safety Performance Specifications And
Methods Of Test

American Society for Testing and Materials (ASTM) Standards

ASTM E230/E230M, Standard Specification and Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples

ASTM D1525, Standard Test Method For Vicat Softening Temperature Of Plastics

Code of Federal Regulations (CFR)

Nd /£ Tt:2 T20Z/0T/. "uoneiodiod |91ydag Jo paayep\ paweyo Aq asn 1o) a|qissiwiad Ajuo SIjuawnaop siylL

21 CFR Part 1040 series, Performance Standards for Light-Emitting Products
CSA Standards

CSA C22.1, Canadian Electrical Code (CE Code)

CSA C22.2 No. 0.15, Adhesive Labels

CSA C22.2 No. 0.2, Insulation Coordination Documents
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CSA C22.2 No. 0.8, Safety Functions Incorporating Electronic Technology
CSA C22.2 No. 14, Industrial Control Equipment
CSA C22.2 No. 0.17, Evaluation of Properties of Polymeric Materials
CSA C22.2 No. 49, Flexible Cords and Cables =
CSA C22.2 No. 66.1, Low Voltage Transformers — Part 1: General Requirements g
CSA C22.2 No. 66.2, Low Voltage Transformers — Part 2: General Purpose Transformers %
CSA C22.2 No. 66.3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers ;
CSA C22.2 No. 75, Thermoplastic - Insulated Wires and Cables ;i;
3
CSA C22.2 No. 94.2, Enclosures for Electrical Equipment, Environmental Considerations Z’
CSA C22.2 No. 96, Portable Power Cables g"
c
CSA C22.2 No. 100, Motors and Generators é
CSA C22.2 No. 107.1, Power Conversion Equipment §
CSA C22.2 No. 107.2, Battery Chargers g
CSA C22.2 No. 182.3, Special Use Attachment Plugs, Receptacles, and Connectors %
CSA C22.2 No. 210, Appliance Wiring Material Products %
CSA C22.2 No. 223, Power Supplies with Extra Low Voltage Class 2 Outputs %
CSA C22.2 No. 248 series, Low Voltage Fuses g
o
CSA C22.2 No. 336, Particular Requirements for Rechargeable Battery-Operated Commercial Robotic %
Floor Treatment Machines with Traction Drives >
X
CSA C22.2 No. 60950-1, Information Technology Equipment — Safety — Part 1: General Requirements g
CSA C22.2 No. 60335-2-29, Household and Similar Electrical Appliances — Safety — Part 2-29: Particular E
Requirements for Battery Chargers E
CSA C22.2 No. 62133-2, Secondary Cells and Batteries Containing Alkaline or other Non-Acid §

Electrolytes —

Safety Requirements for Portable Sealed Secondary Cells, and for Batteries made from

them, for use in Portable Applications — Part 2: Lithium Systems

CSA C22.2 No. 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements

CSA Z434, Industrial Robots and Robot Systems
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IEC Standards

IEC 60068-2-64, Environmental Testing — Part 2-64: Tests — Test Fh: Vibration, Broadband Random and
Guidance

IEC 60417 (No. 5041), Graphical Symbols for Use on Equipment

IEC 61508-1, Electrical/Electronic/Programmable Electronic Safety-Related Systems — Part 1. General
Requirements

IEC 62061, Safety Of Machinery — Functional Safety Of Safety-Related Electrical, Electronic And
Programmable Electronic Control Systems

ISO Standards
ISO 10218-1, Robots And Robotic Devices — Safety Requirements For Industrial Robots — Part 1: Robots
ISO 12100, Safety Of Machinery — General Principles For Design — Risk Assessment And Risk Reduction

ISO 12405-1, Electrically Propelled Road Vehicles — Test Specification for Lithium-lon Traction Battery
Packs and Systems — Part 1: High-Power Applications

ISO 13849-1, Safety of Machinery — Safety Related Parts of Control Systems — Part 1: General Principles
for Design

ISO 13849-2, Safety of Machinery — Safety Related Parts of Control Systems — Part 2: Validation
NFPA Standards

NFPA 70, National Electrical Code

NFPA 79, Electrical Standard For Industrial Machinery

NFPA 505, Fire Safety Standard for Powered Industrial Trucks Including Type Designations, Areas of Use,
Conversions, Maintenance, and Operations

SAE Standards
SAE J1127, Low Voltage Battery Cable

SAE J1128, Low Voltage Primary Cable

Nd /£ Tt:2 T20Z/0T/. "uoneiodiod |91ydag Jo paayep\ paweyo Aq asn 1o) a|qissiwiad Ajuo SIjuawnaop siylL

UL Standards

UL 50E, Enclosures for Electrical Equipment, Environmental Considerations
UL 62, Flexible Cords and Cables

UL 66, Fixture Wire

UL 83, Thermoplastic-Insulated Wires and Cables
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UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances
UL 248 series, Low Voltage Fuses

UL 275, Automotive Glass-Tube Fuses

UL 275A, Outline for Investigation for Automotive Blade Type Fuses

UL 506, Specialty Transformers

UL 508, Industrial Control Equipment

UL 583, Electric-Battery-Powered Industrial Trucks

UL 723, Test for Surface Burning Characteristics of Building Materials

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations

UL 758, Appliance Wiring Material

UL 796, Printed-Wiring Boards

UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment
UL 969, Marking and Labeling Systems

UL 991, Tests for Safety-Related Controls Employing Solid-State Devices

UL 1004-1, Rotating Electrical Machines — General Requirements

UL 1004-2, Impedance Protected Motors

UL 1004-3, Thermally Protected Motors

UL 1012, Power Units Other Than Class 2

UL 1063, Machine-Tool Wires and Cables

Nd /£ Tt:2 T20Z/0T/. "uoneiodiod |91ydag Jo paayep\ paweyo Aq asn 1o) a|qissiwiad Ajuo SIjuawnaop siylL

UL 1236, Battery Chargers for Charging Engine-Starter Batteries
UL 1276, Outline for Investigation for Welding Cable

UL 1310, Class 2 Power Units

UL 1426, Electrical Cables for Boats

UL 1561, Dry-Type General Purpose and Power Transformers D ocuments
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UL 1564, Industrial Battery Chargers

UL 1740, Robots and Robotic Equipment

UL 1977, Component Connectors for Use in Data, Signal, Control and Power Applications
UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2202, Electric Vehicle (EV) Charging System Equipment

UL 2271, Batteries for Use in Light Electric Vehicle (LEV) Applications

UL 2580, Batteries for Use in Electric Vehicles

UL 2726, Outline for Investigation for Battery Lead Wire

UL 2734, Outline for Investigation for Connectors and Service Plugs for Use with On-Board Electrical
Vehicle (EV) Charging Systems

UL 4127, Qutline for Investigation for Low Voltage Battery Cable

UL 5085-1, Low Voltage Transformers — Part 1: General Requirements

UL 5085-2, Low Voltage Transformers — Part 2: General Purpose Transformers

UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 60335-1, Safety of Household and Similar Electrical Appliances, Part 1: General Requirements
UL 60950-1, Information Technology Equipment — Safety — Part 1: General Requirements

UL 62133-2, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety
Requirements for Portable Sealed Secondary Cells, and for Batteries Made From Them, for Use in
Portable Applications, Part 2: Lithium Systems

UL 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1: Safety
Requirements

ULC Standards

Nd /£ Tt:2 T20Z/0T/. "uoneiodiod |91ydag Jo paayep\ paweyo Aq asn 1o) a|qissiwiad Ajuo SIjuawnaop siylL

ULC/ORD-C583, Guide for the Investigation of Electric-Battery-Powered Industrial Trucks
ULC 2271, Batteries for Use in Light Electric Vehicle (LEV) Applications

ULC 2580, Batteries for Use in Electric Vehicles

5 Glossary

5.1 The following terms apply for this document.

Documents
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5.2 ACTUATOR - A part, system, or sub-system that engages the load for manipulation and/or support.

5.3 AMP PAYLOAD - A mass supported by or pulled by the mobile platform which could include product,
a manipulator, a combination of the two, or other.

5.4 LIVE PART — A conductive part, such as metal, within the unit that during intended use has a
potential difference with respect to earth ground or any other conductive part.

5.5 MANIPULATOR — Mechanism consisting of an arrangement of segments, jointed or sliding relative to
one another.

Note: A manipulator includes robot actuators.

©ISO. This material is from ISO 10218-1 with permission of the American National Standards Institute (ANSI) on behalf of the
International Organization for Standardization (ISO). All rights reserved.

5.6 RESTRICTED ACCESS LOCATION — A location where equipment is operated under conditions
where access from unauthorized persons is prohibited and unauthorized access is detected by protection
means which will cause a shutdown or other function to mitigate risks from the unauthorized access.

5.7 RISK OF ELECTRIC SHOCK - the condition that exists between any two conductive parts or
between a conductive part and earth ground if the open circuit voltage exceeds the limits in Table 5.1,
under normal or abnormal conditions.

Table 5.1
Risk of Electric Shock Threshold

Maximum voltage

Waveform type

Dry and damp locations Wet locations

Sinusoidal ac 30Vrms 15V rms
Non-sinusoidal ac 42.4 V peak 21.2 V peak
dc? 60V 30V

in wet locations.

@ DC waveforms interrupted at frequencies between 10 — 200 Hz shall be limited to 24.8 V in dry and damp locations, and 12.4 V

5.8 RISK OF FIRE — A risk of fire is considered to exist at any two points in a circuit where the open
circuit voltage is more than 42.4 V peak and the energy available to the circuit under any condition of load
including short circuit, results in a current of 8 A or more after 1 minute of operation.

5.9 ROBOTACTUATOR — Powered mechanism that converts energy to effect motion of the manipulator.

Note: Energy can be electrical, hydraulic, pneumatic, or more.

©ISO. This material is from 1ISO 10218-1 with permission of the American National Standards Institute (ANSI) on behalf of the

International Organization for Standardization (ISO). All rights reserved.
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510 WET LOCATION — AMPs used in areas that are exposed to weather, such as outdoors or other
applications of water exposure, such as spraying, cleaning, and the like.

Full document details: UL 3100 2021
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CONSTRUCTION
6 General

6.1 Unless otherwise stated, compliance with the requirements in this Standard is determined by
evaluation and testing on a representative model of the device under evaluation.

6.2 AMPs covered by this Standard shall be provided with a means of conductive connection to the
external charging device. While connected to the charger, the AMP shall not be capable of being
energized in a manner that would allow movement of the AMP that would strain connections to the charger
or cause the connection to break under load, unless evaluated for those conditions. Energizing systems
for other than operation, such as communications, is allowed during charging.

6.3 No modification of the AMP shall be permitted to be performed by the user. The user shall not be
instructed on how to modify the AMP. Instructions shall indicate that no modification is allowed, see 78.3.

6.4 All AMPs are considered suitable for use in an ordinary location. For any AMP that is intended to be
operated in an area that is considered classified, further evaluation to determine suitability in that location
is required.

6.5 AMPs are intended for indoor use only or as outdoor use devices. AMPs shall include the enclosure
type rating on its nameplate label. See Environmental Considerations, Section 33. For indoor use only
AMPs, the default ambient range is 0 °C to 40 °C (32 °F to 104 °F); and for indoor/outdoor use AMPs, the
default ambient range is -30 °C to 40 °C (-22 °F to 104 °F). A manufacturer may choose an ambient range
that extends outside this default range, such as a temperature lower than the lower limit or above the
upper limit, but all AMPs shall meet the default range as a minimum.

6.6 A risk assessment covering the equipment and its intended function is to be completed to determine
compliance with this standard. Any hazard that is identified shall be provided with a means to mitigate that
risk. Any requirement that pertains to a hazard that has been deemed mitigated by design or intended use
may be omitted from the overall evaluation. For example, if a product is used in a restricted access
location where no humans are present, the bumper activation force is no longer applicable since it applies
to forces exerted on humans. See the requirements and guidance provided in Risk Assessment, Section
21.

6.7 AMPs covered by this standard shall be evaluated for functionality in relation to safety systems that
are used to protect people and property in the vicinity of the AMP or near the AMPs defined travel path as
described in 6.6. Human overrides are allowed to shut down the AMP but shall not be the primary means
of protecting people and property. See Risk Assessment, Section 21 and Functional Safety, Section 22.

7 Battery and Battery Management Systems

7.1 The battery provided with the AMP shall be in accordance with Lithium Based Batteries, Section 8 or
Lead Acid Batteries, Section 9.
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7.2 For battery packs that are provided with an integral battery management system, the battery
management system shall be evaluated as part of the battery pack in accordance with the requirements
outlined below. If the battery management system or a portion of the battery management system resides
in external components, such as the charger, then the combination of the external components and the
battery pack are critical and shall be evaluated together in accordance with this Standard, including faults
in the battery management system on parts located outside the battery pack.

7.3 For swapped/removable batteries, the battery pack or its connections shall be keyed or Cﬂ?? red in

a manner that will prevent reverse polarity connections of the battery when it is replaced. uments
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8 Lithium Based Batteries

8.1 Lithium based battery packs shall be provided with an appropriate Battery Management System
(BMS) and shall be designed to withstand anticipated abuse conditions for the AMP involved without
resulting in a risk of fire, shock, injury or explosion. A lithium-based battery pack used in AMPs covered by
this standard shall be in accordance with one of the following:

a) UL/ULC 2580;
b) UL/ULC 2271; or

c) UL 62133-2 and CSA C22.2 No. 62133-2.

8.2 A lithium based battery pack in accordance with 8.1(c) shall comply with the requirements in the
Overcharge Test, Section 58, with single fault conditions in the battery control circuits; Imbalanced
Charging Test, Section 59; Vibration Test, Section 60; Shock Test, Section 61; and the Thermal Cycling
Test, Section 62.

8.3 A lithium-based battery pack that relies on additional battery management external to the battery
pack shall be subjected to the tests in 8.2 including single fault conditions in the battery control circuits
external to the battery pack.

9 Lead Acid Batteries

9.1 Lead acid batteries shall be of the insulated type complying with UL 1989 and measures shall be
taken to reduce the risk of connections becoming loose and causing arcing or overheating.

9.2 For lead acid batteries that are enclosed, means shall be provided to vent the off-gassing during
charging. No arcing or sparking parts shall be present in the battery compartment.

10 Accessory Batteries

10.1 Batteries used to power accessories, and provided as an integral part of the accessory, shall be in
accordance with the applicable standard for that accessory.

11 Chargers

11.1  For charging batteries, whether the battery is located on board the AMP or the battery is intended to
be removed from the AMP, the charger shall be located off board the AMP and shall comply with one of the
following:

a) UL 1310 and CSA C22.2 No. 223.
b) UL 1012 and CSA C22.2 No. 107.1.
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c) UL 60950-1 and CSA C22.2 No. 60950-1.
d) UL 62368-1 and CSA C22.2 No. 62368-1.
e) UL 2202 and CSA C22.2 No. 107.1.
f) UL 1564 and CSA C22.2 No. 107.2.
g) UL 1236 and CSA C22.2 No. 107.2.
h) UL 60335-1 and CSA C22.2 No. 60335-2-29. Documents
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Note: If recharging of the battery is intended to be performed outdoors, then the charger and its connection to the AMP shall be
suitable for outdoor use. If the AMP is intended for outdoor use but is only intended to be charged indoors, this should be indicated in
the Operating Instructions, Section 80.

12 Transformers

12.1  Transformers provided as part of an AMP, shall comply with one of the following:
a) UL 506;
b) UL 1561; or
¢) UL 5085-1 and CSA C22.2 No. 66.1, and one of the following:
1) UL 5085-2 and CSA C22.2 No. 66.2; or
2) UL 5085-3 and CSA C22.2 No. 66.3.

13 Motors

13.1 A motor shall be suitable for the application and shall be capable of delivering its maximum normal
load without introducing a risk of fire, electric shock, or injury to persons.

13.2 A motor shall incorporate overload protection and short-circuit protection (locked-rotor protection).

Exception: A motor intended to move air only by means of an air-moving fan that is integrally attached,
keyed, or otherwise fixed to the motor shaft is not required to have overload protection.

13.3 The overload protection required by 13.2 shall consist of one of the following:

a) Impedance protection complying with the requirements in UL 1004-2 and UL 1004-1 and CSA
C22.2 No. 100; or

b) Thermal protection complying with the applicable requirements in UL 1004-3 and UL 1004-1 and
CSA C22.2 No. 100;

c) Other protection, such as electronic based components, overload relays and the like, that tests
show is equivalent to the protection mentioned in (a) or (b).

14 Printed Wiring Boards
14.1 A printed-wiring board shall comply with UL 796.

14.2 A printed-wiring board containing circuits involving a risk of fire or electric shock shall have a flame
rating as specified in requirements in UL 94, and CSA C22.2 No. 0.17, of V-2 minimum. Printed-wiring
boards not involving a risk of fire or electric shock shall be rated HB minimum.
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14.3 A conformal coating employed on the surface of a printed-wiring board, intended to be used for the
acceptance of reduced spacings as described in Spacings and Separation of Circuits, Section 41, may be
acceptable if it complies with UL 796.

15 Stop Function

15.1 The AMP shall be provided with a stop safety function where the intended result is to stop within the
stopping time or distance specified by the manufacturer. This safety function shall be in acc@@&euvfhents

Functional Safety, Section 22, as applicable.
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16 Lasers

16.1 Equipment which employs laser-radiation shall be provided with documentation of compliance, as
applicable, with the Federal requirements 21 CFR Part 1040 (Lasers) of the Department of Health and
Human Services (DHHS). This includes determination of laser class, instructions, markings, and protective
components. The laser shall be class 1 or shall be included as part of the risk assessment.

17 Lamps /Horns / Alarms / Indicators

17.1  An AMP shall be provided with a signaling device to indicate when it is ready to start moving and
when it is moving. The signaling device shall be either audible or visual. The visual signal shall be readily
visible to people in the area of the AMP movement from any location around the AMP.

17.2 The signaling devices in 17.1 are allowed to be configurable based on the end product integration.
This includes adjusting light intensity, sound volume, and the like. The means of configuration shall be set
at the time of integration and then once configured shall be provided with a means to prevent changes to
those configuration settings by anyone other than the trained and authorized personnel.

17.3 The visual indicator shall indicate the travel direction if the AMP is capable of moving in more than
one direction. The ability to move in more than one direction refers to forward, reverse, or sideways.

17.4 The visual indicator shall comply with all of the following:

a) The visual indicator shall follow the guidance of NFPA 79. Yellow (amber) is the default color for
this type of indicator.

b) A visual indicator, subjected to the effects of vibration in use, shall:
1) Not be a screw-in type indicator, and

2) Not be a filament type indicator.
18 Object Detection and Avoidance

18.1  AMPs shall be provided with object detection and avoidance systems to prevent injury or other
hazards due to impact of the AMP with persons in the travel path. Object detection and avoidance systems
may be provided with a means to mute the object detection safety function when alternate risk reduction is
provided to mitigate the risk of impact with an object, e.g., safety-reduced speed, and the like, when an
AMP is approaching a load or operating in a restricted access location.

18.2 With reference to 18.1, the muting of the object detection and avoidance system shall not be
performed when operating in a normal area where personnel are allowed to be located or to enter freely.
The controls used to program or set the mute function shall be provided with a means to prevent changes
to those settings by anyone other than the trained and authorized personnel. Additionally, if the AMP goes
into a power down mode, due to a depleted battery or other reason, the muting shall go to the off state
(unmuted) and object detection and avoidance protection shall be turned on and active upon re-
energization.
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18.3 For object detection and avoidance systems, object detection in the form of object sensing at a
distance from the AMP shall be required. As a minimum, the object sensing shall be in the direction of
travel. Additional directional sensing is required if deemed necessary by the risk assessment

18.4 Object detection that is monitoring the travel path shall be capable of monitoring the travel path
such that people located within the travel path would be detected. If the AMP can Cho“ﬂﬁ&ﬁ\ﬂents
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